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An algorithm of species identification for the trematode species Leucochloridium pa- 
radoxum , L. perturbatum and L. vogtianum are proposed. The RAPD analysis allowed to 
distinguish PCR fragments specifically amplified on samples of each species of Leucochlo¬ 
ridium genus. Species-specific amplificates were sequenced and specific primers to them 
were made. Two pairs of specific primers are suitable for identification of species Leuco¬ 
chloridium paradoxum and L. vogtianum. The technique may be used to diagnose infection 
in molluscs at the early stages, multiple infections and for matching the results of tremato- 
des species identification obtained separately for parthenitae and their adults. 

Key words : Leucochloridium paradoxum , L. perturbatum , L. vogtianum , RAPD mar¬ 
kers, specific identification. 
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IIpe/jJiotfceH ajiropuTM bii/joboh H/jeHTHtjmKaijiiii Tpex bh/job TpeMaro/j — Leucochlo¬ 
ridium paradoxum , L . perturbatum u L. vogtianum. C HcnojiB30BaHiieM RAPD-aHanu3a 
6 bijih BBWBJieHBi h ceKBeHupoBaHBi (J)parMeHTBi reHOMa, cneqinjmHHO aMimn(j)nijnpyio- 
ntnecji tojibko Ha o6pa3qax JX HK TpeMaTO/j Kaac^oro H3 H3yuaeMBix bii/job pojja Leuco¬ 
chloridium. Ha BHTjocneqii(j)HHecKHe (J)parMeHTBi 6 bijih no^oSpaHBi cnequc^HuecKne npau- 
MepBi. JX Be napBi npaiiMepoB j\moT Bocnpon3BO/jHMBie pe3yjiBTaTBi b nH,P ii MoryT 6 bitb 
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Hcnoni>30BaHi>i fljifl BHflOBOH HfleHTH^HKaqHH flByx BHflOB — Leucochloridium paradoxum 
h L. vogtianum. Pa3pa6oiaHHaa MeroaHKa Mom 6bitb Hcnojit30BaHa am onpe^eneHiM 
TpeMaTOflHOH HHB33HH MOJIJIIOCKOB Ha paHHHX CTa3IIHX (BKJHO'laH CJiynaH MH05KeCTBeHH0- 
ro aapa'A'ciiiiH). KpoMe Toro, oHa no3BOJweT npoBepHTb cooTBeTCTBHe ojuiomv Biny ot- 
aeaLHO co6paHHtix napTeHHT h MapHT TpeMaToa aaHHoro poaa. 

Kmoneeue cjioea: TpeMaToati, cnopouncTti Leucochloridium paradoxum, L. perturba- 
tum, L. vogtianum, RAPD-MapKepti, reHoranupoBaHHe, BiiaoBaa naeHTH([)HKauna. 


Trematodes from the genus Leucochloridium are among the best-known pa¬ 
rasites even though their economic significance is low. This is due to their unu¬ 
sual sporocysts whose broodsacs imitate insect larvae. Shape and colour of bro- 
odsacs can be used for species identification as shown, in particular, for L. para¬ 
doxum, L. perturbation and L. vogtianum by genotyping techniques (Zhukova et 
al., 2014; Ataev et al., 2016). 

RAPD analysis is a popular technique of revealing genetic differences in the 
absence of any nucleotide sequence information (Williams et al., 1990; Vidigal 
et al., 2004). It has been used to find differences between populations of pulmo- 
nate snails Biomphalaria glabrata and Planorbarius corneus (Abdel-Hamid et 
al., 2006; Prokhorova et al., 2014) and between strains of trematodes Schistoso¬ 
ma mansoni (Cossa-Moiane et al., 2015). RAPD analysis has also been used to 
confirm clonal variability of cercariae of Bucephalus polymorphic and Tricho- 
bilharzia szidati (Korsunenko et al., 2009, 2012). 

The next step in the application of RAPD analysis is designing specific pri¬ 
mers for polymorphic fragments. This approach, allowing the identification of 
morphologically similar species, proved helpful in case of molluscs from the ge¬ 
nus Bulinus (Mostafa et al., 2012) and the mollusc Bithynia funiculata (Kulsan- 
tiwong et al., 2013). 

RAPD analysis requires a careful choice of experimental conditions and a ri¬ 
gorous standardization of its stages. Random primers for revealing genotypic 
difference have to be designed for every new object. For these reasons, RAPD 
analysis is a labour-consuming technique and a long preliminary standardizati¬ 
on stage is necessary before reproducible results can be obtained (Williams et 
al., 1990). 

In this study we propose an algorithm of species identification for the trema- 
tode species Leucochloridium paradoxum, L. perturbatum and L. vogtianum 
with the use of RAPD analysis of genomic DNA and specific primers designed 
on the basis of the revealed polymorphic fragments. 

MATERIAL AND METHODS 

We used samples of genomic DNA from sporocysts of L. paradoxum (n = 
= 1 6), L. perturbatum (n = 16) and L. vogtianum (n = 1) from the DNA Bank of 
the Laboratory of Experimental Zoology (Herzen State Pedagogical University) 
identified based on nucleotide sequences of an rDNA region (Zhukova et al., 
2014; Ataev et al., 2016). 

RAPD analysis was performed using our modification of the standard tech¬ 
nique of PCR and PCR products analysis (Simpson et al., 1993) developed pre¬ 
viously for revealing genotyping differences between populations of snails Pla¬ 
norbarius corneus (Prokhorova et al., 2014). Altogether, we used 21 random 
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Table 1 


Specific primers designed for nucleotide sequences of RAPD fragments obtained on DNA 
of trematodes from the genus Leucochloridium 


N Name 


Nucleotide sequences 


Nucleotide sequences 
used for primer design/ 
GenBank accession 
number 


1 

2 

3 

4 

5 


LSP 

LSPf: 5 r TGATGCGTGTAGGTATGATTAT 3' 

LSPr: 5' ACTACGCACATCCATACTAATA 3' 

L. vogtianum / 
KY512572 

LSZ1 

LSZlf: 5 r AAGTGTTGTCCTGTTGGTTTCT 3 r 
LSZlr: 5 r TTCACAACAGGACAACCAAAGA 3' 

L. paradoxum ! 
KY512573 

LSZ2 

LSZ 2 f: 5' TTTCTTATCCTCAATCTGTGCG 3' 
LSZ 2 r: 5" AAAGAATAGGAGTTAGACACGC 3' 

L. paradoxum / 
KY512570 

LSK1 

LSK 1 f: 5' TCGGATTATTATGTGTTGGGTG 3 r 
LSK 1 r: 5' AGCCTAATAATACACAACCCAC 3' 

L. perturbatum l 
KY512571 

LSK2 

LSK 2 f: 5' AAATCATCAAGACGACTACCAC 3' 
LSK 2 r: 5 r TTTAGTAGTTCTGCTGATGGTG 3 r 

L. perturbatum / 
KY512574 


primers, each 10 nucleotides in length. The analysis of PCR products profiles 
and the calculation of percentage of polymorphic loci and Dice similarity coef¬ 
ficient were performed following a standard technique (Vidigal et ah, 2004). 
PCR products were recovered from the gel using QIAquick PCR PurificationKit 
(Quagen, Germany) and sequenced in Syntol Company (Moscow, Russia). Soft¬ 
ware programmes BioEdit (Hall, 1999) and BLAST (http://www.ncbi.nlm.nih. 
gov/BLAST) (McGinnis, Madden, 2004) were used for the analysis and align¬ 
ment of the obtained sequences. Specific primers were designed with the help of 
Gene Runner 3.0 software (http://www.generunner.net). 

Amplification with specific primers (table 1) and electrophoretic analysis of 
PCR products were performed with the help of a technique described earlier 
(Prokhorova et ah, 2010). DNA samples of hepatopancreas of snails Planorba- 
rius corneus infected with trematodes Plagiorchis multiglandularis (Ataev, 
2014) and a PCR reaction mixture with specific primers without DNA were 
used as a negative control. 


RESULTS AND DISCUSSION 

Reproducible results showing a clear difference between electrophoretic pro¬ 
files of RAPD products of DNA from sporocysts of different species were obtained 
with four primers: G1 (5' TGCCGAGCTG 3'), G2 (5' GTTGCCAGCC 3'), G8 
(5' CTGATGCTAC 3') and P4 (5' GTGGCTAGGT 3') (fig. 1, see ins.). Poly¬ 
morphic loci were not detected between conspecific individuals with the use of 
primers G8 and P4. Reproducible RAPD fragments obtained with DNA samples 
from L. perturbation and L. paradoxum with primer G2 made up, respectively, 
75 and 60 % of all PCR products. The reproducibility of RAPD profiles obtai¬ 
ned with DNA samples of conspecific individuals with primer G1 was 75 % for 
L. perturbatum and 100 % for L. paradoxum (table 2). We did not calculate the 
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Fig. 1. RAPD profiles obtained with DNA of Leucochloridium paradoxum , L. perturbatum and 
L. vogtianum with primers G8 , P4 , G1 , G2. 1.4 % agarose gel electrophoresis. 

1 — L. paradoxum , 2 — L. perturbatum , 3 — I. vogtianum , 4 — hepatopancreas of snails Planorbarius corneus 
infected with sporocysts of Plagiorchis sp., 5 — PCR-mix without DNA. Arrows denote PCR fragments specifi¬ 
cally amplified on samples of each species of Leucochloridium. PCR products which were sequenced and anno¬ 
tated in GenBank are numbered: 1 — KY512570, 2 — KY512571, 3 — KY512573, 4 — KY512574, 5 — 

KY512572. 









Table 2 


Number of reproducible RAPD fragments obtained on DNA of trematodes from the genus 

Leucochloridium 




L. paradoxum 



L. perturbatum 


L. vogtianum 

Primers 

F 

P 

P (%) 

F 

P 

P (%) 

F 

G1 

2 

0 

0 

4 

3 

25 

3 

G2 

5 

3 

40 

4 

3 

25 

3 

G8 

7 

0 

0 

7 

0 

0 

5 

P4 

4 

0 

0 

8 

0 

0 

6 


Note. F — number of reproducible RAPD fragments, P — number of polymorphic loci, P ( %) — 
percentage of polymorphic loci. 


percentage of polymorphic loci for L. vogtianum since genomic DNA was avai¬ 
lable only from one individual of this species. 

Data on Dice similarity coefficients between species are presented in table 3. 
The Dice coefficient was higher between L. paradoxum and L. perturbatum 
than between these species andZ. vogtianum (table 3). 

Our results indicate that L. paradoxum and L. perturbatum are more closely 
related with each other than with L. vogtianum (table 3). This agrees well with 
the phylogenetic reconstructions of these species based on an rDNA fragment. 
Secondary structures of ITS2 transcripts ofT. vogtianum also differed conside¬ 
rably from those of other species (Ataev et al., 2016). 

PCR fragments specifically amplified on samples of each species (fig. 1) 
were extracted from the gel and sequenced. The obtained nucleotide sequences 
were deposited in the GenBank database (accession numbers KY512570— 
KY512574). Five nucleotide sequences were used for designing specific pri¬ 
mers (table 1). 

Amplification with four out of five pairs of primers yielded reproducible re¬ 
sults in all the cases. However, one pair of primers (LSK1) proved unsuitable 
for identification of Leucochloridium trematodes since it could also be used to 
obtain PCR products with DNA from the hepatopancreas of the snail Planorba- 
rius corneus infected with sporocysts of Plagiorchis multiglandularis. One pair 
of primers (LSZ1) yielded similar reproducible results with DNA of all species 


Table 3 


Dice’s similarity coefficient between species of Leucochloridium genus 


Primers 

Species 

L. paradoxum 

L. perturbatum 

G1 

L. perturbatum 

0.4 

— 


L. vogtianum 

0.12 

0.18 

G2 

L. perturbatum 

0.18 



L. vogtianum 

0.14 

0.125 

G8 

L. perturbatum 

0.36 

— 


L. vogtianum 

0.06 

0.05 

P4 

L. perturbatum 

0.28 

— 


L. vogtianum 

0.25 

0.33 
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from the genus Leucochloridium. Two pairs of primers were specific to particu¬ 
lar species: L. vogtianum (LSP) and L. paradoxum (LSZ2) (fig. 2, see ins.). 

Our results indicate that specific primers LSP and LSZ2 are suitable for 
identification of trematode species from the genus Leucochloridium . The tech¬ 
nique developed in our study may be used to diagnose infection in molluscs at 
the early stages, when it is difficult to find sporocysts using morphological met¬ 
hods. In the case of advanced standardization, RAPD analysis allows one to dis¬ 
tinguish species of this genus objectively without sequencing. Accordingly, our 
technique may also be used to reveal instances of multiple infection. 

Using RAPD analysis, it is also possible to reveal differences within a speci¬ 
es such as polymorphisms characteristic of individuals from different populati¬ 
ons. For instance, this technique was used to reveal genetic differences between 
schistosome strains with a different drug resistance (Glenn et al., 2013; Gasmel- 
seed et al., 2014). 

The search for interpopulational polymorphisms of trematodes from the ge¬ 
nus Leucochloridium would yield information important for the analysis of their 
geographic distribution and the ways in which these parasites infect intermedia¬ 
te and final hosts (Sithithawom et al., 2007; Gentile, Oliveira, 2008). RAPD 
analysis is also a promising tool for matching the results of trematodes species 
identification obtained separately for parthenitae and their adults. 
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designed for RAPD fragments specifically amplified with DNA of different trematode species. 8 % 

polyacrylamide gel electrophoresis. 

1 — L. paradoxum, 2 — L. perturbatum, 3 — L. vogtianum, 4 — hepatopancreas of snails Planorbarius Corne¬ 
lls infected with sporocysts of Plagiorchis sp. 5 — PCR-mix without DNA. 
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